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FOREWORD
The processes involved in soil genesis provide unique modifications of the biogeochemical cycles of various elements, minerals, and compounds. These processes result in characteristic distributions and accumulations of elements and minerals throughout soil profiles. Carbonates, gypsum, and silica accumulate in horizons of dryland soil profiles covering more than onethird of the earth's land area, mostly on continents other than North America.
Soil management, whether for agricultural or nonagricultural purposes, is predicated on knowledge about the character and distribution of soils. The potential use and response of dryland soils to management strategies are very much tied to the properties imparted to these soils by the accumulation of carbonates, gypsum, and silica. Thus, it is appropriate that the Soil Science Society of America provide the first assessment of the distribution and genesis of these characteristic soil horizons. This publication is the product of papers presented before a 1988 international symposium at the annual meeting of the Society. vii
F.P. MILLER, president Soil Science Society oj America
Papers of this publication were presented as part of the international symposium held in Anaheim, CA, on 29 Nov. 1988, on the "Occurrence, Characteristics, and Genesis of Carbonate, Gypsum, and Silica Accumulations in Soils." These papers tender for the first time under one cover what is known of the distribution and genesis of these major soil horizons of dryland areas. Worldwide, there are some 47 million km 2 (18 million mi 2 ) of soils with horizons having these accumulations.
Of these soils, 90070 are found on continents other than North America. Extensive areas are found in Australia and the developing nations of Africa and Asia, hence our selection of some authors with international experience to describe and discuss the characteristics and genesis of these soils.
Carbonate is the most common of the three accumulations. Four chapters of this publication build on the work of others to describe the effect of climate on the movement of carbonate in soils, and the rate of accumulation and the macro-and micromorphological forms of carbonate in soils. The chapters show that, although COr soil solution transfer is the ratelimiting step in carbonate dissolution, evapotranspiration, not decrease in pC0 2 , causes pedogenic carbonate to accumulate.
Silica accumulates especially in soils of the low-latitude drylands of Australia and parts of Africa. Silica also accumulates in soils of middle-latitude dry lands on other continents where volcanic glass is part of the soil parent material. The characteristics and genesis of duripans in the middle-latitude soils are better known. One chapter in this publication describes the less wellknown duripans of Australia and relates them to the well-known, massive silcretes that formed as saprolite and sediments became cemented by different forms of quartz, chalcedony, and opal.
Gypsum appears to be the least common of the three to accumulate in soils, but gypsic soils make up some 2 million km 2 (5 million mi 2 ) of the earth's surface. Background studies for the chapter on gypsum in this publication include laboratory methods for its determination, the classification of gypsic soils, which began as early as 1871 in Russia, the accumulation and morphology of gypsum in soils, and the distribution of gypsic soils. The authors divide the accumulation of gypsum into three stages, modify earlier estimates of its distribution in soils, make a recently developed proposal on gypsic soil classification more widely available, and discuss management of gypsic soils. 
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